Background and Purpose-Cerebral microbleeds (CMB) are common in stroke survivors and the community-dwelling elderly. The clinical significance of CMB in the development of depression after a stroke is unknown. This study examined the association between poststroke depression (PSD) and CMB. Methods-A cohort of 235 patients with acute lacunar stroke admitted to the stroke unit of a university-affiliated regional hospital in Hong Kong was recruited. Three months after the onset of the index stroke, a research assistant administered the locally validated 15-item Geriatric Depression Scale. PSD was defined as a Genetic Depression Scale score of Ն7.
C erebral microbleeds (CMB) are focal deposits of hemosiderin that indicate previous microhemorrhages. They are related to cerebral amyloid angiopathy, hypertension, and atherosclerosis. 1 CMB are common in ischemic stroke 2 and associated with advanced small artery disease of the brain. 3 Recent evidence suggests that they may be one of the important factors causing emotional liability in stroke. 4 The significance of CMB in the development of depression after a stroke remains unknown.
Depression is the most common and serious affective disorder after stroke. The neuroanatomical model of poststroke depression (PSD) remains unclear. There is no compelling evidence for the hypothesis of a close relationship between lesion location and PSD. 5 It was recently suggested that chronic vascular burden may be an important factor in the pathogenesis of PSD. 6 White matter hyperintensities have been shown to be associated with late life depression, 7 possibly affecting its symptom severity. 8 White matter hyperintensities are conceptualized as a sign of vascular damage to brain structures and they contribute to the development of vascular depression. 9 CMB are also indicators of underlying vascular damage; hence, it is surprising that no previous study has examined the relationship between CMB and depression in stroke or other patient populations.
Cerebral small vessel disease causes lacunar strokes, 10 which account for 25% of all ischemic strokes. 11 Most lacunar strokes are thought to arise secondary to an abnormality in the walls of the small deep perforating (lenticulostriate) arteries. 12 A recent autopsy study suggested that lacunar infarcts may predict PSD. 13 There is a lack of large-scale studies on PSD in lacunar stroke. The aim of this study was to determine the relationship between CMB and PSD in lacunar stroke survivors.
Subjects and Methods

Subjects
A total of 3219 patients with first-ever or recurrent acute ischemic stroke were admitted to the Acute Stroke Unit of the Prince of Wales Hospital between June 2004 and July 2008. Prince of Wales Hospital is a university-affiliated general hospital serving a population of 800 000 in Hong Kong. Of the 3219 patients, 1353 received an MRI examination. All patients who underwent MRI were screened for the inclusion and exclusion criteria. The inclusion criteria for the study were: (1) Chinese ethnicity; (2) Cantonese as the primary language; (3) age 18 years or older; (4) well-documented (clinical presentation and CT scan of the brain) first or recurrent acute lacunar stroke occurring within 7 days before admission (a lacunar stroke was defined as at least 1 symptomatic infarction [diameter [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] 
Collection of Demographic and Clinical Data
A research nurse who was blind to the Geriatric Depression Scale scores collected the demographic data (age, sex, and years of education), history of previous stroke and intracranial hemorrhage, and assessed the function before the index stroke and the stroke severity using the modified Rankin Scale 15 and the National Institutes of Health Stroke Scale 16 within 2 days of admission. A research assistant assessed all subjects with the Mini-Mental State Examination and the Lubben Social Network Scale 17 scores 3 months after the onset of the index stroke. The Lubben Social Network Scale is a composite social network scale specifically designed for use with the elderly. It measures the level of social support that patients receive and their social interaction with relatives and friends. It contains 10 items and the maximum score is 50; a higher score indicates better social support. The Lubben Social Network Scale has been translated into Chinese and validated for the elderly in Hong Kong. 18 
Assessment of PSD
Three months after the onset of the index stroke, a research assistant who was blind to the subjects' radiological data administered the validated 15-item Geriatric Depression Scale. 19 The timing of the assessment was chosen to avoid the period of transient emotional adjustment to the disability caused by the stroke. PSD was defined as a Geriatric Depression Scale score of Ն7. 20
Radiological Examination
MRI with diffusion-weighted imaging and conventional sequences, including gradient echo (blood product-sensitive) sequence, was performed with a 1.5-T system (Sonata; Siemens Medical) within 7 days of admission.
Diffusion-weighted imaging spin-echo echo planar imaging (repetition time/echo time/excitationϭ180/122/4; matrixϭ128ϫ128; field of viewϭ230 mm; slice thickness/gapϭ5 mm/1 mm; echo planar imaging factorϭ90; acquisition timeϭ55 seconds) with 3 orthogonally applied gradients was used with b values of 1000 and 500. Axial gradient echo images were acquired as the second sequence with imaging parameters of repetition time/echo time/ excitation of 350/30/2, flip angle of 30 degrees, slice thickness/gap of 5 mm/0.5 mm, field of view of 230 mm, matrix 256ϫ256, and acquisition time of 5 minutes and 4 seconds. Axial spin-echo T1 (repetition time/echo time/excitationϭ425/14/2, field of viewϭ 230 mm, slice thickness/gapϭ5 mm/0.5 mm, matrixϭ256ϫ256, and acquisition timeϭ4 minutes and 28 seconds) and turbo spin echo T2 (repetition time/echo time/excitationϭ2500/120/1, turbo factor of 15, field of viewϭ230 mm, slice thickness/gapϭ5 mm/0.5 mm, matrix of 256ϫ256, and acquisition timeϭ1 minute and 39 seconds) images were also acquired.
A neurologist (Y.K.C.) who was blind to the psychiatric diagnoses assessed the MRI as follows. CMB were defined as small (2-10 mm) hypointense lesions on a T2-weighted gradient echo sequence, but symmetrical basal ganglia calcification and flow void artifacts of the pial blood vessels were excluded. 21 CMB were divided into lobar (cortex and subcortical white matter), deep (basal ganglia, internal and external capsules and thalamus), and posterior fossa (brain stem and cerebellum) groups. 22 Lobar CMB were further divided into frontal, temporal, parietal, and occipital lobe CMB. The number of CMB in each location was recorded.
White matter hyperintensities on MRI were defined as hyperintensities Ն5 mm on T2 images. The severity of white matter hyperintensities was assessed using the age-related white matter changes scale 23 on both sides of the frontal, parietal-occipital, temporal, basal ganglia, and infratentorial regions. The age-related white matter changes score was the sum of scores in both sides of all regions.
The total area of lacunar infarcts on diffusion-weighted imaging was measured with manual outlines. Acute infarcts were defined as areas of restricted water diffusion identified on diffusion-weighted images with b values of 1000. The total volume was calculated by multiplying the total area by the sum of the slice thickness and the gap. Intrarater reliability tests were performed on 20 subjects; the values for the volume and number of infarcts were 0.96 and 0.94, respectively.
Statistical Analysis
All statistical tests were performed by SPSS for Windows (release 14.0; SPSS). The demographic and clinical variables and radiological characteristics of the PSD subjects were compared with those without PSD using the 2 test, Fisher exact test, Student t test, and the Mann-Whitney U test, as appropriate. Risk factors with a value of PϽ0.10 were then analyzed by multivariate logistic regression analysis using a forward stepwise selection strategy. Based on the results of the univariate and the initial regression analyses, further regression models were constructed to examine the locations of CMB. In the analysis, the odds ratio of any independent risk factor was interpreted as the risk of subsequent PSD when all other risk factors were held constant. The level of significance was set at 0.05.
Results
Altogether, 235 patients met the entry criteria and formed the study sample. Patients who were excluded from the study had a higher National Institutes of Health Stroke Scale score Of the 235 patients screened, 84 (35.7%) had PSD. The demographic and MRI characteristics and stroke-related data are shown in Tables 1 and 2 . The PSD and control groups did not differ in terms of age and history of hypertension, previous stroke or intracranial hemorrhage, and prestroke functioning. PSD patients were more likely to be female and have a history of diabetes mellitus, a lower level of education, social support, and cognitive function, and more severe stroke ( Table 1) . The proportion of patients with lobar CMB was significantly higher in the PSD group (33.3% versus 19.9%; Pϭ0.022; Table 1 ).
The following variables were entered into the regression model: sex and history of diabetes mellitus; lobar CMB and severe white matter hyperintensities; the Lubben Social Network Scale, Mini-Mental State Examination; education (years); and interaction between education and Mini-Mental State Examination and National Institutes of Health Stroke Scale scores. Lobar CMB was a significant independent imaging predictor of PSD with an odds ratio of 2.09 ( Table  2 ). The regression model was repeated after excluding patients with recurrent stroke; lobar CMB was still a significant predictor (odds ratio, 2.5; Pϭ0.015; data not shown). Finally, 3 additional regression models were constructed by entering frontal, temporal, and occipital CMB instead of lobar CMB, and none of these CMB variables was significant (data not shown).
Discussion
To the best of our knowledge, this is the first report of an association between CMB and risk of PSD. The results suggest that lobar CMB are associated with depression in patients with well-established cerebrovascular disease.
The finding that only lobar CMB are associated with PSD suggests that CMB, besides being a marker of underlying vascular pathology, also may directly affect the risk of depression. The importance of the location of CMB has been reported in other poststroke pathologies, namely thalamic CMB in emotional liability 4 and frontal and basal ganglia CMB in executive dysfunction. 24 The main limitation of this study is that the severity of stroke was mild and the assessment of PSD was performed only once at the 3-month follow-up. Patients who could not give consent because of dementia or aphasia-associated left-side infarcts were also excluded. This selection bias may limit the generalizability of the findings. In addition, the measurement of CMB should have been performed using a 3.0-T MRI machine, which would have improved the detection rate and visibility of CMB. 25 In conclusion, the results indicate that lobar CMB are associated with a higher risk of PSD and may contribute to its pathogenesis. Further investigation is needed to clarify whether CMB have any impact on the clinical presentation, treatment response, and outcome of PSD. Because the prevalence of CMBS is as high as 23.5% in community-dwelling elderly individuals, 26 it would be logical to examine whether CMB also might contribute to the risk of depression in the general elderly population.
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